The present study was designed to investigate Rv2623 antigen, a major dormancy regulon protein of Mycobacterium tuberculosis (MTB) in CSF of suspected latent and active tuberculous meningitis (TBM) patients. A total of 100 CSF samples from TBM ( = 31), suspected latent TBM ( = 22), and suitable noninfectious control subjects ( = 47) were collected and evaluated for Rv2623 antigen level using ELISA protocol. A significantly high ( < 0.05) mean absorbance was observed in samples of suspected latent TBM and active TBM patients as compared to non-TBM control patients. However, no significant difference in Rv2623 level was observed between suspected latent TBM and TBM patients. Our preliminary findings suggest that Rv2623 may be useful as a potential biomarker for the diagnosis of the latent as well as active TBM infection. Futher evaluation of this biomarker in large number of samples is therefore needed to confirm the result.
Introduction
Tuberculosis (TB) remains a major health problem worldwide [1] . Tuberculous meningitis (TBM) is among the most fatal forms of extrapulmonary tuberculosis (EPTB) accounting for 70-80% of all neurological TB cases [2] [3] [4] . The development of TBM infection occurs with infection of meninges with tuberculous bacilli, resulting in formation of tuberculous lesions (Rich foci). Although tuberculous bacilli can remain dormant in subependymal surface of the brain for years [5] [6] [7] , however, reactivation may occur due to rupture or growth of small lesions in the meninges producing active infection [8, 9] . Latent tuberculous meningitis (LTBM) continues to pose a diagnostic problem, as it remains nonsymptomatic and shows only inflammatory changes in cerebrospinal fluid (CSF) [10] . Biomarkers aiding in early diagnosis of LTBM are therefore urgently needed for early initiation of treatment and also to avoid further neurological complication and reactivation to active TBM infection.
Rv2623 is a major dormancy regulon protein of Mycobacterium tuberculosis (MTB) which is involved in promotion of mycobacterial transition to latency [11] . Although many studies suggests role of Rv2623 as a major diagnostic marker for latent infection, there are no studies reported involving evaluation of Rv2623 in CSF of suspected latent and active TBM patients. Keeping the existing situation in mind, the present study was therefor designed with an objective to investigate diagnostic utility of Rv2623 in CSF samples of suspected latent and TBM patients for the diagnosis. Apart from that, to further investigate the utility of Rv2623 as a prognostic maker in suspected LTBM cases, telephonic followup was taken for a period of two years to monitor conversion into active TBM cases. 
Materials and Methods

Study Subjects.
A total of 100 CSF samples were collected from patients of infectious neurological disorders admitted to the Neurology Department of Central India Institute of Medical Sciences (CIIMS), Nagpur. The average age of the patients ranged between 10 and 50 years, and there were 54 males and 46 females. Patients were classified into three different groups based on their clinical profile.
TBM Group ( = 31
). Diagnosis of TBM was based on the clinical features, which included subacute or chronic fever and signs of meningeal irritation with or without other features of central nervous system (CNS) abnormality. All patients recruited were positive for acid-fast bacilli and/or MTB CSF culture and started on antituberculous drugs treatment (ATT). CSF findings in these patients included increased protein levels, decreased glucose (CSF/blood glucose ratio, <0.5), and pleocytosis with lymphocyte predominance. All patients were culture negative for other microorganisms. ( = 22) . This category included patients having exposure with active TB subjects. Patients having clinical features such as subacute or chronic fever and signs of meningeal irritation with or without other features of CNS abnormality were included in this category. CSF findings in these patients included increased protein levels and decreased glucose (CSF/blood glucose ratio, ≤0.5). CSF cultures were negative for MTB and other microorganisms. AFB was also negative in these patients. ( = 47) . This category included patients with no clinical symptoms suggestive of meningitis, normal CSF protein and sugar level with no evidence of CNS or extra-CNS tuberculosis. Patients included in this category had no exposure to TB cases and were negative for MTB CSF culture and acid-fast bacilli.
Suspected Latent TBM Group
Non-TBM Noninfectious Control Group
Periodically, telephonic followup was taken from suspected LTBM cases for a period of two years based on initial Rv2623 positivity in their CSF samples. Out of 22 suspected cases, followup of was taken from 16 suspected LTBM cases to know persistence of any existing complications during the two-year period. Followup was not available in 6 cases due to unavailability of their records and due to other ethical reasons.
2.5. Specimen. CSF samples were collected by standard lumbar puncture. Routine CSF examination, Gram's staining, India ink staining, and acid-fast bacilli staining were done in every CSF sample. All the samples were stored at −20 ∘ C until further analysis.
Detection of Rv2623
Antigen in the CSF Sample. Detection of Rv2623 antigen in the CSF samples was done by indirect ELISA protocol as described by Kashyap et al. and Mudaliar et al. [3, 4] . Briefly, 100 L of CSF sample (1 : 5 diluted in phosphate buffered saline (PBS) was coated on the wells of microtiter plates and incubated for 90 min at 37 ∘ C. The wells were then washed once with PBST (PBS tween-20) and blocked with blocking buffer (0.5% BSA in PBST) and incubated at 37 ∘ C for 60 min. After blocking, wells were washed three times with PBST followed by addition of 100 L monoclonal antibody (1 : 2000 dilutions in PBST) against Rv2623 antigen (Biotech, India). After 45 min of incubation, the wells were washed three time with the PBST and 100 L secondary antibody, and affinity purified anti-mouse IgG (1 : 5000 dilution in PBST) conjugated to horseradish peroxides (Genei, Bangalore, India) was added to wells and incubated at 37 ∘ C for 45 min. After incubation, the wells were washed four times extensively with PBST followed by addition of 100 L of TMB/H 2 O 2 substrate and incubated at 37 ∘ C for 10 min. The reaction was stopped with addition of 100 L of 2.5 N H 2 SO 4 , and the absorbance of colour in each well was read at 450 nm. Each sample was tested in triplicate.
Statistical Analysis.
All the statistical analysis was performed using MedCalc statistical software (version 10.0.1).
Comparison of baseline characteristics of TBM and suspected LTBM patients was done using chi-square test for the comparison of two proportions. Similarly, CSF characteristic of the TBM, suspected LTBM, and non-TBM control individuals was done using student's -test, respectively. Mean absorbance of MTB specific Rv2623 antigen in CSF samples of TBM and LTBM and non-TBM control group was compared using Mann-Whitney test. Cut-off value for the Rv2623 antigen detection assay and its sensitivity and specificity were calculated by receiver operating characteristics (ROC) curve analysis. Graph of respective data was prepared using Prism (version 5) software (GraphPad Software, Inc. San Diego, CA). A value of <0.05 was considered statistically significant for all the analyses.
Results
The baseline characteristics of active and suspected latent TBM patients are shown in Table 1 . No significant difference in baseline characteristics was found between active TBM and suspected LTBM patients with exception of headache and vomiting ( < 0.05). Table 2 depicts the CSF characteristics in the three study groups. Increased levels of total cell count and protein were observed in samples of TBM and suspected LTBM patients as compared to non-TBM control group. However, significant increase ( < 0.05) in the above characteristics was observed only in TBM patients. Similarly, there was significant decrease ( < 0.05) in the levels of CSF sugar and sugar/parallel blood sugar ratio among TBM and suspected LTBM patients as compared to non-TBM control group. However, decrease was significantly more ( < 0.05) in TBM patients as compared to suspected LTBM and control group. Figure 1 shows scatter plot of absorbance value of Rv2623 protein in CSF samples of TBM, suspected LTBM, and non-TBM control individuals. Comparison of the mean absorbance indicated significantly high Rv2623 levels ( < 0.05) in TBM (0.64 ± 0.09) and suspected LTBM (0.65 ± 0.14) patients as compared to non-TBM control (0.37 ± 0.07) individuals. No significant difference was observed in mean absorbance between TBM and suspected LTBM subjects. Table 3 shows diagnostic sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of Rv2623 estimation for the diagnosis of TBM and suspected LTBM patients in the CSF samples. Diagnostic sensitivity of Rv2623 estimation in TBM and suspected LTBM patients was found to be 90.32% and 77.27%, respectively, with a specificity of around 100% for both. PPV of the test was 100% in both TBM and suspected LTBM patients, while the NPV was higher in TBM patients (94%) then the suspected LTBM patients (90%). Among the three cases false negative for Rv2623 antigen in active TBM group, one was an old case of TBM along with encephalopathy, while the other two cases were old cases of multiple granuloma of brain tuberculosis. Clinical diagnosis in five, false negative cases for Rv2623 in suspected LTBM group revealed that two cases were of that of encephalitis with viral meningitis, while the other three were cases of calcified granuloma and CNS demyelination, respectively. Figure 2 shows a flow chart analysis of follow-up samples and their conversion with respect to Rv2623 levels in CSF. Out of 22 suspected cases, followup was available in 16 cases. Four cases out of 16 (25%) showed conversion to active TBM. Two cases were among those who responded well on starting ATT, while the remaining two cases expired during followup.
Discussion
Despite the recent advances in TB diagnostic tools, diagnosis of TBM still poses a major problem [12, 13] . The signs and symptoms, along with routine CSF and radiographic finding in patients with CNS tuberculosis, are often inadequate for making confirmative diagnosis [13] . Identification of a new biomarker for rapid, confirmatory, and differential diagnosis of TBM is therefore urgently needed.
In the present study, we evaluated diagnostic potential of Rv2623, a mycobacterial dormancy regulon protein [14] in CSF samples of active TBM, suspected LTBM, and control individuals. Our results revealed significantly high Rv2623 level in TBM and suspected LTBM patients as compared to non-TBM control individuals. However, no significant Note: sensitivity, specificity, PPV, and NPV were calculated on the basis of cut-off value (≥0.54) obtained from ROC curve analysis.
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Non-TBM noninfectious control (n = 47) difference in Rv2623 level was observed between TBM and suspected LTBM subjects. Overall sensitivity of Rv2623 estimation in TBM and suspected LTBM patients was 90.32% and 77.27%, respectively, with 100% specificity. Rv2623 is a member of the universal stress proteins family and is reported to protect mycobacteria from multiple stress conditions like hypoxia, nitrosative stress, low pH levels, and so forth [15] [16] [17] . Schuck et al. in their study evaluated twenty-nine M. tuberculosis dormancy associated antigens including Rv2623 and found that RV2623 induced significantly stronger T-cell responses in LTBI as compared to TB patients [18] . Similarly, it is found that a level of Rv2623 protein significantly increases following phagocytosis by macrophages in lungs of chronically infected mice. In another study, Monahan et al. showed increased expressions of six abundant proteins (including Rv2623) inside MTB infected macrophages, supporting the fact that Rv2623 may promote transition of mycobacteria to latency [19] . Interestingly, Rv2623 knockout mutant of virulent M. tuberculosis failed to establish a chronic persistent infection, suggesting the role of Rv2623 in regulation and establishment of a persistent infection [11] . Florczyk et al. reported that Rv2623 was strongly expressed in bacteria from resting cultures and absent in shaking cultures, supporting the role of Rv2623 in the anaerobic survival of M. tuberculosis inside the granuloma in the dormant state [20] . In our earlier studies, we had also evaluated the role of Rv2623 for diagnosis of latent TB infection (LTBI) (unpublished data), and our finding are in agreement with the earlier published reports. As mentioned elsewhere, there are various reports which suggest Rv2623 as a latent specific biomarker in pulmonary TB; however, to the best of our knowledge, this is the first study to report evaluation of Rv2623 antigen in the CSF samples for the diagnosis of latent and active TBM infections. Result from the current study supports our earlier findings that Rv2623 level increases after MTB infection. In the current study, patients included under the suspected LTBM group had neurological complications and were culture negative for any other organism. As mentioned, despite absence of any clinical symptoms of TBM and culture negativity in the body fluid, we observed increased Rv2623 levels in 77.27% (17/22) of cases, indicating the importance of Rv2623 evaluation in CSF for diagnosis LTBM infection. The main function of Rv2623 is to regulate the bacillary growth inside the tuberculous lesions (Rich foci) located in any part of brain where organism may remain dormant for a long period of time [5] [6] [7] [8] [9] . Thus, evaluation of Rv2623 in CSF samples may be very useful for the diagnosis of persistent LTBM infection in such patients. Further role of Rv2623 antigen in LTBM infection can be evaluated by doing long-term followup of these subjects. Similarly, it will be interesting to see the conversion of LTBM cases defined in this test to active TBM cases.We also evaluated case-wise association of Rv2623 with different CSF findings. We observed that absorbance of Rv2623 positively correlated with total cell count and protein; similarly, a negative correlation with sugar and sugar/parallel blood sugar ratio was observed both in TBM and LTBM groups ( Supplementary Figures 1-2 Figure 3) . This confirms our findings that Rv2623 may be a useful diagnostic biomarker for the diagnosis of LTBM and TBM infections.
Similarly, we have also evaluated the prognostic utility of Rv2623 by taking telephonic followup of 22 suspected TBM cases based on earlier Rv2623 positivity. After two years, followup of 16 cases was available. About 25% (4/16) showed conversion, of which two cases were among those that expired, while the other two cases were started on ATT and responded well to treatment. Although the percentage of conversion reported was much less, it still suggests important findings, as we got only 16 cases for followup, which is altogether a very low number. Still, four cases showing conversion were among those who earlier had no signs and symptoms of TBM, but showed higher Rv2623 levels in their CSF. These results suggest the utility of Rv2623 as an important marker for diagnosis and prognosis in latent and active TBM cases.
Although the study is associated with limitation of a small sample size, results obtained in this preliminary study are very promising to carry out further investigation in large number of patients. Another major limitation associated with the study is that we have not taken any gold standard like Quantiferon Gold test (QFT) to define LTBM cases; this is because of the low sample volume available for test (1-1.5 mL), whereas a CSF volume of more than 3 mL is required to perform QFT test. However, further studies can be planned to investigate the QFT response in Rv2623 positive cases.
Conclusion
The results of the present study suggest that Rv2623 may be useful as a diagnostic biomarker for latent and active TBM infections. Further investigation in a large number of samples along with its comparison with gold standards like QFT-G assay is needed to establish its role as a diagnostic biomarker of latent and active TBM.
